CdSeZnS CQD Synthesis: 0.05 mmol of CdO and 2 mmol zinc stearate were placed in a 50 mL three-necked round flask, with 2.5 mL of oleic acid (OA). The mixture was heated to 150° C and degassed for 30 min. 7-5 mL of octadecene were then added and the solution was heated to 300° C under an N2 atmosphere. At this temperature, a clear solution was observed containing Cd(OA)2 and Zn(OA)2 complexes. When the temperature stabilized, 1 mL of solution prepared from 0.8
mmol of Se and 5.5 mmol of S in 4 mL of trioctylphosphine was quickly injected. Immediately after the injection, the temperature decreased 10 degrees. The CQDs were grown for 2-10 minutes, after which, the flask was cooled and 1.5 mL (6 mmol) of dodecanethiol was added to the solution.
For the purification, re-dispersion in hexane and subsequent centrifugation cycles in ethanol were carried out four times.
CdSeZnS QD Synthesis: We carried out a microemulsion method to encapsulate the CdSeZnS CQDs. 0.5 mL of CQD solution (optical density 0.036) was mixed with a microemulsion composed of 0.61 g of Igepal-CO 520, 62 µL of ultrapure water and 11 mL of hexane. This emulsion was sonicated for 15 minutes to produce good dispersions of the CQDs without aggregation. 100 µL of tetraethyl orthosilicate (TEOS) were then added under vigorous stirring (750 rpm). After 30 minutes the hydrolysis and condensation of TEOS was triggered by injecting 30 µL of NH4OH. The mixture was stirred for 24 h. Afterwards, the samples were washed 10 times in cycles of centrifugation and ultrasonication (the first one in acetone and subsequent ones in absolute ethanol).
Graphene Growth: Graphene was grown on a 25 µm thick polycrystalline copper foil in a Nanoinnova CVD furnace. The foil was heated to 1000° C while flowing 100 standard cubic centimeters (sccm) hydrogen. After stabilizing the temperature, hydrogen flow was increased to 500 sccm while introducing 2 sccm methane for 10 minutes. The furnace was then rapidly cooled to room temperature while flowing 100 sccm hydrogen. The entire process was carried out at 10 mbar.
The graphene produced by this growth recipe consisted of small grains (below 5 µm). The main advantage of this graphene is that due to the abundance of broken bonds, it adheres very well to substrates and the ECQD film. The main drawback is the low electronic mobilities, around 500 cm 2 V -1 s -1 .
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Graphene Transfer: A PMMA layer was spun onto the copper foil before etching in ammonium persulfate etchant (0.1 g/mL in deionized water). After rinsing the PMMA/graphene stack in deionized water, the stack was scooped out with the target substrate. The graphene was allowed to dry overnight in vacuum before removing the PMMA layer by rinsing in acetone.
Device Fabrication: Photolithography was carried out using a Heidelberg direct write laser scanner, and MicroChemicals AZ 5214 image reversal resist. Electrodes were patterned on Si/SiO2 substrates via photolithography, followed by thermal evaporation (Cr/Au 10/50 nm) and liftoff.
After graphene transfer, devices were patterned via photolithography, with graphene etching carried out using an oxygen plasma.
Langmuir-Blodgett Process: A KSV Nima KN 2003 Large Model Langmuir-Blodgett trough was
utilized, equipped with a Brewster angle microscope (BAM) for imaging film formation on the surface of the trough. ECQD solution in ethanol (6 mmol concentration) was loaded into a plastic syringe barrel with a stainless steel needle sip (8 mm long, 0.2 mm aperture). When using a water subphase, 0.4-0.8 mL solution was dispersed; for DMSO, 1-2 mL. More volume is necessary when using DMSO since the unencapsulated ECQD clusters sink into the subphase. The electrospray syringe was placed 3-6 cm vertically above the subphase surface and an electrical bias was applied, usually between 2.5 and 5 kV. The electrical bias was varied to maintain a spray rate of about 1 mL/h. Once all solution had been sprayed, the LB trough barriers were compressed at a rate of 10 mm/min, and the surface pressure monitored using a paper Wilhelmy plate immersed in the subphase. Once the barriers were fully compressed, or upon reaching the desired surface pressure, the substrate, initially immersed in the subphase prior to spraying the solution, was withdrawn at a rate of 1 mm/min. ECQD film structure and homogeneity was found to be largely independent of the withdrawal speed, from 0.1 to 5 mm/min. After LB film transfer, samples were dried in vacuum overnight. Figure S5 . Drain current versus gate voltage transfer curve of GFET device before and after depositing the ECQD film.
